Chronic obstructive pulmonary disease and asthma are the most frequent chronic respiratory diseases that affect the general population. For a long period of time these two conditions were considered to be separate diseases. However, it became evident that some patients share symptoms and clinical findings from both diseases. These patients are considered to represent a distinct phenotype, called asthma-COPD overlap syndrome (ACOS). However, since approximately the one third of the asthmatics smoke the ACOS may primarily define those patients. This is a relatively newly defined clinical syndrome whose underlying mechanisms and most appropriate management remain to be confirmed. In this review, we summarize current knowledge on this syndrome, aiming to update clinicians and help their daily practice.
Introduction
Chronic obstructive pulmonary disease (COPD) and asthma are frequent chronic diseases, which pose a significant burden to health status, quality of life and -in the case of COPD-survival of the patients [1] . The reported prevalence of COPD ranged from 0.2% in Japan to 37% in the USA, but this varied widely across countries and populations, by diagnostic criteria, and by age group analyzed [2] . COPD is one of the leading causes of death [3] ; it is estimated that in 2020 it will be the third leading cause of death worldwide and fifth leading cause of years lost through early mortality or handicap (disability-adjusted life years). COPD a disease of the elderly is usually associated with a number of significant comorbidities [4] .
Asthma also is a serious global health problem affecting all age groups, with global prevalence ranging from 1 to 21% in adults [5] . Thus, asthma is also a common condition, responsible for considerable morbidity, healthcare utilization and costs, which include those costs caused by the days off work and decrease productivity of patients with uncontrolled asthma [6, 7] . Asthma is also characterized by the presence of comorbidities which substantially affect the quality of life and the number of exacerbations [8] .
Review
In 1961, during the first Bronchitis Symposium held in Groningen, the Netherlands, Orie and colleagues hypothesized that the various forms of airway obstruction, such as asthma, chronic bronchitis, and emphysema, should be considered not as separate diseases but as different expressions of one disease entity, which they named chronic nonspecific lung disease [9] . Later on in 1969 this hypothesis was termed the Dutch hypothesis [10] . The Dutch hypothesis is in contrast to the "British hypothesis", where asthma and chronic obstructive pulmonary disease (COPD) are seen as distinct entities generated by different mechanisms [11] .
In recent years, it became clear that some patients share clinical characteristics of both asthma and COPD. This presentation could be another phenotype of airway disease called asthma-COPD overlap syndrome (ACOS). The frequency of emergency room visits and intensive care unit admissions are higher among those patients with overlap syndrome compared to those with COPD but not asthma [12] . In addition, overall healthcare expenditure for patients with co-existent asthma and COPD is almost twice the expenditure for patients with asthma but not COPD [13] .
Unfortunately, distinguishing asthma from COPD is challenging, especially in elderly patients [14, 15] . Quite often the diagnosis can change during life and more authors report about cases of unclassified airflow limitation [16] . Moreover, it has been suggested that ACOS may include not one but several heterogeneous phenotypes with different underlying mechanisms and since these patients were previously excluded from clinical trials we have limited data of this condition [17, 18] . Thus, a significant phenotype of COPD could be the smoking Asthmatic [19] .
Definitions
Asthma is a heterogeneous disease, usually characterized by chronic airway inflammation. It is defined by the history of respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough that vary over time and in intensity, together with variable expiratory airflow limitation according to the 2016 Global Initiative for Asthma (GINA) guidelines [20] .
In the 2017 Global Strategy for Diagnosis, Management, and Prevention of COPD (GOLD) guidelines, defined COPD as a common, preventable and treatable disease, that is characterized by persistent respiratory symptoms and airflow limitation that is due to airway and/or alveolar abnormalities usually caused by significant exposure to noxious particles or gases [21] .
ACOS is characterized by persistent airflow limitation with several features usually associated with asthma and several features usually associated with COPD. ACOS is therefore identified by the features that it shares with both asthma and COPD [22] . The prevalence of this syndrome among patients with obstructive pulmonary disease varies depending on the diagnostic criteria and country from 2.1 to 55% [22] [23] [24] . Several specialists in obstructive lung disease state that since there is limited data to this subject a more specific definition of ACOS till now cannot be developed and others challenge its existence. Therefore ACOS is a new clinical syndrome that recently appeared in respiratory medicine and till now is poorly defined and poorly understood.
Another theory is that asthma, COPD, and ACOS do not represent separate diseases but a continuum, consisting of several endotypes and phenotypes. ACOS allows a more simple approach to therapy which on the other hand hinders progression towards the concept of personalized medicine [25, 26] . It is also accurately stated that ACOS term may lead to clinical confusion and potential inappropriate use of resources [27] .
The terms asthma and COPD are based on "Oslerian paradigm" which was introduced by Sir William Osler more than 100 years ago on the basis of the principal organ system in which symptoms and signs are attributed [28] . However, classical Oslerian approach is not taking in consideration new genetic, molecular and imagistic data, it can be sometimes efficient in "stereotypical" cases and not so good in patients with combination of asthma and COPD [26] . In the post-genomic era it has been recognized that both terms represent "umbrella" terms that include distinct groups of patients. In recent years, we have identified several phenotypes, which are subgroups of patients defined by different clinical characteristics, which have different prognosis or respond differently to treatments. More importantly, we have managed to divide some of these phenotypes to endotypes by identifying the underlying molecular pathways (typical example -a1 antitrypsin deficiency) [29, 30] . Recently Agusti et al. proposed a new holistic approach to the assessment and management of chronic airway disease, which is based exclusively on treatable traits in each patient [26] . Treatable traits are classified in multiple domains, which can coexist: airflow limitation, eosinophilic airway inflammation, chronic bronchitis, airway bacterial colonisation, bronchiectasis, cough reflex hypersensitivity, pre-capillary pulmonary hypertension, chronic respiratory failure, deconditioning, etc. Patients with airway disease could present with any combination of the above mentioned traits and their management should be guided accordingly.
All in all, there is still significant ongoing disagreement on the use of the term ACOS and characterization of these patients with intermediate clinical characteristics. While treatable traits and personalized medicine lead to a more overall management of all patients with chronic airway disease, the concept of ACOS also serve in the understanding of the underlying mechanisms and simplification of the management of these patients by nonspecialists [31] .
Pathogenesis and pathophysiology
Pathophysiology and underlying immunological pathways of asthma and COPD differ significantly. Similarly the clinical presentation, pathophysiology of ACOS receives several characteristics from both asthma and COPD.
The inflammation in asthma patients is usually caused by eosinophils which release pro-inflammatory mediators and basic proteins that may damage epithelial cells and cause airway remodeling [32] . Mast cells are also considered to play an important role in asthma and contribute to inflammation with bronchoconstriction mediators [33, 34] . Furthermore, other cells such as lymphocytes, dendritic cells, macrophages are abundantly present and contribute to inflammation [35] . On the other hand, in non-eosinophilic asthma, neutrophils appear to be the predominant inflammatory cells [36, 37] . Neutrophilic inflammation can be present in severe or late-onset asthma, chronic infections or in smokers [38] . Particularly bronchial infiltrate of CD8(+) T cells and CD68(+) macrophages, and epithelial remodeling resembling COPD-like features can be present in smokers with asthma [39] .
COPD is characterized by a specific pattern of inflammation involving increased numbers of CD8+ (cytotoxic) Tc1 lymphocytes present only in smokers that develop the disease [40] . The inflamed airways of COPD patients contain also macrophages, T lymphocytes, and dendritic cells [41] . Still there are reports of eosinophilic airway inflammation in patients with severe COPD exacerbations which further complicates the pathogenesis and pathophysiology of an already complicated disease [42] . The Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points (ECLIPSE) cohort also demonstrated that 37.4% of patients with stable COPD had eosinophil counts persistently ≥ 2% at all visits, 13.6% had eosinophil counts persistently < 2% at all visits, and an intermittent group of 49% subjects had variable eosinophil counts that oscillated above and below 2% [43] .
Oxidative stress plays an important role in the pathogenesis and pathophysiology of COPD but not asthma. Shortage of antioxidant nutrients, especially of ascorbic acid and lycopene, as well as reduced glutathione can be found in some of COPD patients but not those with bronchial asthma [44] . It had been shown that there were significant differences in the CD83(+) dendritic and B cells in smoking asthmatics render those patients less responsive to corticosteroids and more susceptible to infections [31] .
In addition asthma cytotoxic immune response is represented by granzyme A and B, whereas in smoking asthmatic perforin and 8-OHdG are additionally involved, resembling the immune response of COPD [45] . Those markers could be used to identify ACOS patients in the future.
Mitochondrial dysfunction due to oxidative stress -normally a characteristic of COPD-also contributes to the pathogenesis of ACOS [46] .
Finally, genetic factors can also play an important role and there are genetic variants associated with ACOS reported in the literature such as single nucleotide polymorphisms in the genes CSMD1 and GPR65 [47] .
Risks factors
Ageing is associated with a marked decrease in the prevalence of diagnosed asthma and with a marked increase in the prevalence of COPD. The prevalence of the overlap of asthma and COPD is also increased with ageing [48, 49] . Kiljander and colleagues suggested that age more than 60 years and smoking for more than 20 pack-years are the best predictors of ACOS. COPD is six times more prevalent among patients who meet these two criteria, compared to patients who do not fulfill any of them (odds ratio 6.08 [2.11, 17 .49]) [50] .
Moreover, patients with ACOS have lower cumulative smoking, suffer more from obesity and atopic diseases and used more asthma treatments compared to COPD patients. The authors stated that the dyspnea, quality of life, exacerbations, comorbidities and mortality are not different from COPD patients [51] . Data on sex predominance of ACOS is conflicting [24, 52] .
Finally, ACOS shares risk factors with asthma [53] . Subjects who developed asthma before the age of 40 years may be at higher risk for ACOS [24] .
Diagnosis
Spanish Respiratory Society proposed diagnostic criteria for ACOS in 2012. Diagnosis is confirmed when 2 major and 2 minor criteria are met (Table 1 ) [54] .
However, globally consensus is still lacking on the existence of ACOS as a separate syndrome, and on its diagnostic criteria [55] .
According to GOLD/GINA recommendations normal FEV1/FVC pre-or post bronchodilatator test is not compatible with ACOS unless there is other evidence of chronic airflow limitation. FEV1 more or equal to 80% predicted is compatible with diagnosis of mild form of ACOS. FEV1 less than 80% is an indicator of severity and possible complications in the future. Post bronchodilatator increase in FEV1 more or equal to 12% and 200 ml from baseline is common in ACOS if FEV1 is low. Moreover an increase in FEV1 more than 15% and 400 ml is also compatible with ACOS diagnosis [22] .
Other methods such as the assessment of fractional exhaled nitric oxide (FENO) and immunoglobulin E (IgE) in COPD patients were also used in the diagnosis of ACOS. When the cutoff value of FENO was 35 ppb the prevalence rate of ACOS was 16.3% in COPD group. But if both FENO and IgE were assessed, the high-FENO/ high-IgE group was 7.8% among patients with COPD. This indicates both asthma-like airway inflammation and the presence of atopy in COPD patients [56] .
Future studies may demonstrate other markers and criteria for diagnosing ACOS. A recent study demonstrates that inflammatory cytokines IL-4, IL-8, IL-10, and TNF-α are different among control, asthma, COPD with exacerbation and ACOS groups and might be useful in assessing the development of these diseases [57] .
Radiology investigations
It has been suggested that ACOS has radiological features similar to COPD. However, recent studies suggested patients with ACOS have less emphysema, that is differently distributed; they also have greater post-bronchodilatation variations in air trapping, compared to patients with COPD, suggesting a different CT densitometry between the two clinical entities [58] . Interstitial changes in ACOS patients are associated with age and smoking history and can be found in up to 23.3%. ACOS with interstitial changes tend to have a higher rate of fungal sensitization [59] . The percentage of total cross-sectional area of pulmonary vessels less than 5 mm 2 is also higher in ACOS rather than COPD patients [60] . On the other hand nearly half of the patients with asthma and fixed airflow limitations in elderly asthma patients show coexisting COPD components [61] .
Nevertheless current data is too limited to confirm the possibility of characteristic or pathognomonic radiological features in ACOS.
Assessment
There is still debatable whether ACOS represents a more severe disease than asthma or COPD. Several studies concluded that COPD patients have a more pronounced rate of decline in FEV1, SGRQ and 6MWD compared to asthma and ACOS patients [62] . However, others found that ACOS is more likely to be associated with low lung function, low socioeconomic status, short education duration, lower self-rated health, and past diagnosis of pulmonary tuberculosis or bronchiectasis. Multiple logistic regression analysis revealed that both overlap syndrome and asthma groups were independently associated with lower self-rated health after adjustment for age, sex, socioeconomic status, education level, smoking status, comorbidities, and lung function [63] . ACOS appears to be associated with the poorest health-related quality of life (HRQL) [64] .
Compared to the COPD cohort, ACOS patients had a 1.13-fold adjusted incidence rate ratio of pneumonia and a 2.58-fold adjusted incidence rate ratio of acute exacerbation [65] . Past medical history of tuberculosis was more frequent among patients with ACOS. Within the ACOS cohort, the adjusted hazard ratio for tuberculosis was higher among patients receiving short acting beta agonists and short acting muscarinic antagonists (3.06), long acting beta agonists and long acting muscarinic antagonists (3.68), and inhaled corticosteroids (2.79, all p < 0.05). Also, patients with more than 15 outpatient visits and hospitalizations per year demonstrated the highest adjusted hazard ratio for tuberculosis (8.09; 95% CI, 6.85-9.56) [66] . Pulmonary embolism appears to be more frequent among patients with ACOS, compared to COPD alone. The risk of pulmonary embolism also increases with the number of outpatient visits and hospitalizations [67] . On the other hand ACOS patients appear to have less emphysema [47] .
In general subjects with ACOS were more likely to have respiratory symptoms, physical impairment, and to report hospital admissions compared to asthma or COPD alone [24, 48, 68, 69] .. On the other hand, ACOS patients have a better one-year prognosis than clinically similar COPD patients with no ACOS criteria [52] . Finally, 15-year mortality rate showed that long-term prognosis of ACOS is similar to COPD, and worse than asthma and healthy controls [70] .
In adjusted analyses, allergic rhinitis, anxiety, gastroesophageal reflux disease, and osteoporosis were more frequent in ACOS than COPD. Chronic kidney disease and ischemic heart disease were less frequent. Still, in patients with ACOS, cardiovascular diseases showed the strongest prognosis for hospitalization [71] . The ACOS group was more likely to have at least one comorbidity than the COPD group [72] .
Vitamin D deficiency is present in ACOS patients and circulating 25(OH)D level may be of prognostic significance, since a positive correlation was found between 25(OH)D level and FEV1, forced vital capacity, forced expiratory flow between 25 and 75% of FVC, and peak expiratory flow [73] .
Management
Until now only limited data exist on the management of ACOS, mainly because ACOS patients were excluded by most COPD or asthma trials. The management should include smoking cessation, oxygen supplementation, pulmonary rehabilitation, vaccines and management of comorbidities since all of these are well justified clinically [74, 75] .
There is consensus that first-line treatment for ACOS is the combination of a long-acting β2-agonist and inhaled steroid, and this combination can be used with a longacting antimuscarinic agent (triple therapy) for severe ACOS [55] .
As mentioned, very limited data are available from randomised controlled trials. A 12-week, randomized, open-label cross-over study was conducted in 16 patients with ACOS compared the effectiveness of once-daily fluticasone furoate/vilanterol vs. twice-daily fluticasone propionate/salmeterol. Furoate/vilanterol was found to provide substantial improvement in lung function, indicating that this combination should be considered for the treatment of ACOS [76] . Another study which included 40 stable ACOS patients and 100 stable COPD patients with no differences between groups for sex, age, smoking history, body mass index, FEV 1 %predicted, vital capacity results and their ratios of residual volume to total lung capacity demonstrated that compared to baseline, budesonide/formoterol treatment significantly increased the FEV1 and decreased the degree of airway wall thickness as well as pulmonary microvascular density (% cross-sectional area < 5) in ACOS patients [60] .
While inhaled corticosteroids are recommended in the management of patients with ACOS, its effectiveness is controversial. In a observational 12-year retrospective cohort study involving 125 patients by Lim and coworkers, ICS treatment was not associated with significant improvements in the annual rate of decrease in FEV1, the incidence of severe exacerbations or the overall mortality compared with the non-ICS treatment group [77] . Thus individualized management is probably the best option at present. Among the predictors for ICS response may be high sputum eosinophil counts and bronchial wall thickening on chest highresolution computed tomography [78] .
Montelukast administration showed good results in asthma patients who smoke suggesting that leukotrienes may play an important role in this particular case. More studies are required to determine whether leukotriene modifiers can be recommended for the manageent of ACOS patients [79] .
Multiple studies suggested that phospodiasteraze 4 inhibitors (PDEI) such as roflumilast can significantly improve pre-bronchodilator FEV1 and reduce the rate of moderate to severe exacerbations [80, 81] . Evidence show that asthma patient can also benefit from treatment with roflumilast since it decreases airway inflammation, remodeling and hyperresponsiveness [82, 83] . The results are better when combined with montelukast or ICS [82, 84] . It also enhances efficacy of the concomitant ICS/LABA/ LAMA therapy [85] . Therefore, it is logical to presume that roflumilast may be helpful in the treatment of ACOS. However, it should be used cautiously and only in severe cases, not controlled with other medications, given its frequent and significant adverse events.
Recently, several reports demonstrated that anti-IgE therapy (omalizumab) may be an effective and safe therapy for patients with ACOS [86] . The efficacy was demonstrated in a 12 months study, in a small group (10 patients) treated with omalizumab. After the treatment patients had a decreased IgE, FENO, eosinophil, neutrophils, macrophages, eosinophil cationic peptide and serum IL-4 levels. They also had decreased dyspnea, wheezing, bronchial hyper-responsiveness) and migraine attacks [87] (Table 2) .
Conclusion
ACOS represent a relatively new syndrome in the literature of pulmonary medicine and its definition, etiology, pathophysiology, management and treatment are not clear yet. Therefore, there are still very limited recommendations and guidelines.
There is a critical need to better define the management of this syndrome that we believe it refers primarily to the smoking asthmatic. Large, well conducted trials are urgently required to inform the diagnosis and management of ACOS. Unfortunately, clinicians have to manage this syndrome empirically at present. 
